Introduction: The Technology {#Sec1}
============================

The SARS-CoV-2 can spread due to human to human interaction (Ghinai et al. [@CR3]). From the literature, it is learnt that this virus can spread to human very rapidly even during the incubation period. The surface stability of SARS-CoV-2 is very much similar to that of SARS-CoV-1 (Van Doremalen et al. [@CR16]). The ribonucleoprotein complex, which occupies the lumen of the coronavirus, is the significant portion in terms of volume in SARS-CoV-2 or SARS-CoV-1 (Saikatendu et al. [@CR14]). Moreover, the crystal structure of SARS-CoV N-NTD (lumen) witnesses localised segregation of positive and negative charges (Saikatendu et al. [@CR14]). Further, the homology models of SARS-CoV N-NTD suggest that the electrostatic charge distribution on the surfaces is -5KT to 5KT, where K and T are Boltzmann constant and temperature, respectively (Saikatendu et al. [@CR14]). Therefore, it is expected that the family of coronavirus will have similar charge clouds in the core (Saikatendu et al. [@CR14]). Many studies also suggested that a residual of net negative charge exists in the core of the coronavirus (Yao et al. [@CR17]).

Few recent works used the principle of electrostatic charges and electric field over the metallic foam to disinfect water (Liu et al. [@CR8], [@CR9]). The process uses a coating of carbon nano-tubes CNT over the metallic filter where electroporation is carried out to disable the viruses. To create such high step-up DC voltage from a very low DC supply, many efficient circuits are reported in the literature (Fardoun and Ismail [@CR2]; Nouri et al. [@CR12]). Such circuit can be readily optimised to reduce the complexity, similar to the use in mosquito swatter. The negative terminal of the high voltage output can be grounded, and the positive terminal is connected to a metallic layer with a coating of CNT or ablate nano-grooves with Lithography. These metallic layers may present at the most exposed parts of the personal protective equipment (PPE), and the negative terminal is grounded through the shoes. The entire arrangement can be set up as a charging unit in an open space, and the health workers need not carry the electrical circuit on the PPE.

Novelty in the Technology {#Sec2}
=========================

Currently, it is reported that there is an acute shortage of protection kit for health workers to fight against SARS-CoV-2. Moreover, as reported from various parts of the globe, a good number of health workers is infected by SARS-CoV-2, while serving the patient infected with SARS-CoV-2. With a squeeze in the number of health workers in the country, their safety finds a major concern. As a result, an effort is made to develop a technology that can help health workers to eliminate or disintegrate viruses such as SARS-CoV-2 from their PPE. In this work, we have designed a high voltage charge generator (30 kV) from a very low DC source of 5 V. Similar circuits are already proposed in many studies and many commercial products are also available, such as air purifier (air ioniser) and mosquito swatter. The air ioniser deposits negative static charge over a surface, whereas mosquito swatter uses both positive and negative electrostatic charges to kill the mosquito. However, in the current work, the step-up negative high voltage charge is grounded, and the positive charges are allowed to accumulate over the metallic surface. The accumulated charges over the surface will produce a strong electric field. Further, few research works have reported the effect of a strong electric field on viruses. The high electric field alters the induced dipole of the protein of the virus (Sharp and Honig [@CR15]), causing permanent damage in terms of electroporation (Liu et al. [@CR8], [@CR9]). Further, positive salt ions diffuse into the protein of the viruses, causing it inactive and disintegrate (Liu et al. [@CR8]). As a result, the developed technology can be tweaked by grounding the negative charge and accumulating the positive charges over the metallic surface. This will produce a high strength electric field which in turn contributes to inactive and disintegrate the viruses.

Developed Technology and the Theory Behind {#Sec3}
==========================================

It is reported that the proteins are one of the most important structural and functional molecules of the virus (Li [@CR7]). Therefore, the initial effort was given to develop an understanding between the electrostatics and the considered protein. Electrostatic deals with static charges. Few assumptions considered for the study of electrostatic and proteins are as follows (Neves-Petersen and Petersen [@CR11]).All the considered charges are fixed in space and moves at a steady-state condition. Therefore, all the time-dependent terms in the set of Maxwell's equation are zero; thus, resulting in the below mentioned governing equations. Here, $\documentclass[12pt]{minimal}
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2.The coupling between the electrostatics and magnetism is neglected due to the fact that both electrostatics and magnetism are dissimilar phenomena when static charges are considered.

Equations [1](#Equ1){ref-type=""} and [2](#Equ2){ref-type=""} serve as the laws of electrostatics. These two equations can be deduced to a single equation with the knowledge of electrostatics potential and work done. When a point charge is moved from points **a** to **b** in an electric field, work is done against the electric field, and potential is developed, as shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Electric potential developed when a charge moves from points **a** to **b** in an electric field
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Therefore, Eq. [1](#Equ1){ref-type=""} can be deduced after rearranging as follows,$$\documentclass[12pt]{minimal}
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Equation ([9](#Equ9){ref-type=""}) is known as the Poisson equation. It serves as the base to develop the protein-electrostatics relation. The outer structure of the protein behaves as dielectrics (Kirkwood [@CR6]). The electrostatic interactions in protein are due to the availability of charges, redistribution of charges due to the electric field (electronic polarisation) and reorientation of polar groups in response to an electric field (orientation polarisation) (Moult [@CR10]). Due to the presence of residual charge on the body of this protein, a permanent dipole exists (Petersen et al. [@CR13]). Further, the local electric field produces an induced dipole (Petersen et al. [@CR13]).

The Poisson--Boltzmann equation is deduced, which relates protein and electrostatics (Allison et al. [@CR1]) and is shown below.$$\documentclass[12pt]{minimal}
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From the literature, it is learnt that a net residual of negative charge is present in the coronavirus (Yao et al. [@CR17]). Further, few articles use electroporation to disinfect virus in the flow (Liu et al. [@CR8], [@CR9]). A very high voltage of 1--100 kV is required for electroporation of viruses and bacteria (Liu et al. [@CR8]). The high voltage induces a very strong electric field, which will, in turn, introduce strong induced dipole contributing to permanent deformation or damage (Allison et al. [@CR1]). Therefore, a DC step-up circuit is designed that converts very small charge (5 V and 2 A) to AC initially and then finally converts to very high DC. Few existing studies reported similar kind of circuits with limited step up (Fardoun and Ismail [@CR2]; Nouri et al. [@CR12]). Based on similar physics, the current circuit is designed using cheap and commonly available components. Figure [2](#Fig2){ref-type="fig"}a shows the sketches of the layout and components of the proposed circuit. The expected costing of the circuit is \$3--4, and the approximate weight of the circuit is 100 g.Fig. 2**a** Circuit diagram for low DC input to high DC step-up voltage and **b** schematic of fin attached to transistor Tip 41

The detailed breakout and physics of the developed circuit can be found in the existing literature (Nouri et al. [@CR12]). However, the currently developed circuit uses three layers of 1 m length and 0.0002 m diameter copper wire in the primary coil. While fabricating the driver and the feedback coil, flexible 220 V wire of length 0.12 and 0.10 m, respectively, has been used. An additional heat sink is installed along with the transistor Tip 41, as shown in Fig. [2](#Fig2){ref-type="fig"}b, to initiate natural convection cooling.

Technology Tweaked in Relevance to COVID-19 {#Sec4}
===========================================

The most exposed part of the glove is coated with a metallic layer with either embedded carbon nano-tubes or ablated nano-grooves of 200 nm. A similar arrangement can also be made by placing a metallic porous filter across the mask. However, for ease of understanding only the case with the metallic layer over the exposed part of the gloves is discussed further. The recent experimental work uses such layers to achieve a very high distribution of static charge at the tips of these nanostructures (Liu et al. [@CR8], [@CR9]). The addition of carbon nano-tubes or ablation of nano-grooves of 200 nm increases the conductivity at the microscopic level. It showed that with such configuration, it builds up even further a strong electric field (2--3 times) at the tips of the nano-structure compared to the overall surface with a supply of average 30 kV (Liu et al. [@CR9]). However, electrostatics being a path function, the surface witnesses a variation in charge distribution.

In the current system, the positive output is connected to the coated/ablated surface, whereas the negative output is grounded, as shown in Fig. [3](#Fig3){ref-type="fig"}. Aluminium or copper may be used as the metallic surface. The proposed circuit is connected to a 5 V battery. Since the coated/ablated layer is not grounded, the static charge will appear on the surface. The charge density continuously increases over the coated/ablated surface until it ionises the layers of air between the nano-structural grooves of the coated/ablated surface. As the coated/ablated area is positively charged, it will have a net outflow of electric field lines. The electric field is a function of voltage. The effect on a neutral droplet in a strong electric field was studied by Gott ([@CR4]) in 1933. The author described two possibilities of charge distribution when the droplet moves in the strong electric field towards the charged surface.Fig. 3Schematic of the current setup

According to the author Gott ([@CR4]), neutral droplet develops both positive and negative charges over the surface. The droplet area facing the charged surface induces similar charge as that of the surface and droplet area away from the surface develops dissimilar charges as that of the surface. Further, the author revealed that the quantity of charge accumulated on the surface of the droplet depends on the propagating speed of the droplet towards the charged surface and the speed of moving of similarly charged ions towards the area of the droplet facing the charged surface (Gott [@CR4]).

Moreover, in the presence of such an electric field when the speed of droplet is higher than that of the similarly charged ions, no charge transfer takes place during the droplet movement towards the charged surface. Whereas when the vice versa occurs, which resembles the suspended aerosol or microdroplet containing viruses, a considerable amount of charge is transferred to the droplet surface (Gott [@CR4]). Thus from the presented theory, it is well understood that when the aerosol approaches the present system, the aerosol or the droplet will accumulate a considerable amount of positive charge.

Further, a group of authors reveals that when this phenomenon happens, higher charge accumulation occurs in the central region (Hagberg et al. [@CR5]). Moreover, the central region experiences a higher degree of polarisation (Hagberg et al. [@CR5]). Similarly, the residual negative electrostatic charge of the lumen of the virus is readily altered by the introduction of a high positive charge. Additionally, the redistribution of the strong electric field along with the positive charge will modify the induced dipole to a great extend (Eq. [10](#Equ10){ref-type=""}) and thereby induces electroporation (Liu et al. [@CR8]). This phenomenon is followed by electrochemical reactions as well, where the positive salt ion diffuses into the protein. The time required for the electroporation is on the scale of nano-second. However, electrochemical interaction consumes slightly higher time than the electroporation. Therefore, as suggested in the literature (Liu et al. [@CR8]), the average time required to disintegrate the virus is 2--3 s. It can be noted that it is difficult to install such a high voltage charging unit on individual PPE. Moreover, there could be a severe issue of high voltage hazard and electrical corona, if high voltage positive charge is used continuously near the patient. Therefore, it is prudent to install the modified metallic foils over the most exposed part of the PPE to the affected patients. The metallic foil can be either coated with carbon nano-tubes or fabricated with non-grooves using surface lithography. The lithography can be a cheaper option, as it will ablate the surface to produce nano grooves. To sanitize the PPE before and after the use, high voltage positive charges will be created over the modified metallic surface using a charging unit, which is installed remotely in an open space. The negative terminal of the developed circuit is grounded through the shoe of the PPE user, as shown in Fig. [3](#Fig3){ref-type="fig"}. A single charging unit may be used by a large number of PPE users. As reported, viruses in water during the purification are eliminated by electroporation within 2 s (Liu et al. [@CR8]). Therefore, as similar physics has opted in the current study, it can be assumed that the effective use of this charging unit for 2--5 min can eliminate viruses and bacteria if these are present on the PPE surface. However, to confirm the exact time required to eliminate the viruses, as well as to drain the charge from the metallic foil, specific experiments are needed to be carried out.

Conclusions {#Sec5}
===========

In this proposal, we have presented a possible solution of preventing the virus from infecting the humans by using positive static charges over the metallic surface coated with carbon nanotubes (CNT) or ablated nano-grooves of 200 nm using lithography. These coated/ablated surface can be fixed to the most exposed part on the personal protective equipment (PPE). This setup can be built in a week using readily available, commercially components. Therefore, using such technology can remove or destroy SARS-CoV-2 when it comes in contact with or in the vicinity of the charged surface of the health worker. As a result, the protection of the health worker can be enhanced. Moreover, the PPE can be reused for several times, which will save the cost.
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